Abstract: This study examines the dominance of the D/H ratio as a design element for an enclosed urban square, long claimed by numerous urban designers. It claims that like the D/H ratio, other design elements significantly affect the perceptual quality of an enclosed square, but their impacts differ according to the context in which they are applied. The study reviews the literature pertaining to enclosures as an urban design strategy and design elements for an enclosed urban square. Then it presents a comparative analysis of the impact of the D/H ratio and other design elements such as the size of the square and the facade design using a visual assessment survey with computer-simulated images of urban squares. Results of the analysis support the argument that like the D/H ratio, the square size and its facade design have a considerable but distinctly different influence on users' perceptions of urban squares.
Introduction
Yiftachel and Hedgcok state that social sustainability is "the continuing ability of a city to function as a long-term, viable setting for human interaction, communication and cultural development [1] (p. 140)." Urban squares have been proposed as one of the most important types of places in a city that accommodate such human interaction, communication, and cultural activities [2, 3] . Effective urban squares can play an important role in promoting the social sustainability of a city. Therefore, many cities impose regulations or design guidelines to secure the quality of such urban squares by controlling the design of the surrounding buildings and by designing the squares [4] [5] [6] . For example, the City of New York has design standards even for privately owned public squares and surrounding buildings [5] . Such regulations are more important in South Korea than in other countries where people do not have not much historic experience of enclosed urban squares for diverse social interactions, and have no intrinsic consensus or customs about the spatial characteristics of an effective urban square. This study aims to improve the understanding about the spatial elements of an enclosed urban square, which might contribute to the development of effective regulations for urban squares and their surroundings.
Regarding the spatial characteristics of effective urban squares, architects and urban designers have devoted a great deal of time and interest to the study of the relationship between the distance to height (D/H) ratio and enclosure [7] . First, with regard to the D/H ratio, although many of these designers have asserted strong and even dominant influences of the D/H ratio on the quality of enclosed urban spaces, there are also many other spatial elements that contribute to the quality of such spaces. In addition, while many studies on the relationship between spatial elements and user perception have assumed or implied that spatial elements are independent, free from the influence of other elements, such assumptions may not be valid. Urban spaces such as squares and streets have multiple interrelated elements that together influence the quality of these spaces. For example, the perception of comfort in a particular place may stem not only from visual familiarity or attractive scenery but also shading and temperature, a pleasant odor such as coffee, comfortable furniture, or even interesting but not intimidating activities of people inside the space [8] . Therefore, this study consists of a comparative analysis of multiple spatial elements related to an enclosed urban square rather than scrutiny of one element.
Second, with regard to enclosure, previous studies have focused on how to create enclosed spaces [9, 10] . For example, Roger Trancik considered them integral to the design of the built environments for humans [10] (p. 61). However, "enclosure" is just a spatial strategy (a tool or a means) rather than a final goal. Perceptual qualities of spaces such as openness or coziness might more closely resemble such a final goal of design, and prioritizing which qualities (or goals) are more important than others distinctly might differ according to the context of a site or a project. Regarding such contextual differences of urban spaces, Carmona argues that we might judge a successful square designed for civic prestige unsuccessful as a "people place"-a "setting for informal public life" [3] (p. 179). Therefore, this study focuses not on the enclosure itself, but instead on the multiple perceptual qualities of an enclosed space.
The study begins by reviewing the extant literature on enclosed urban spaces, the D/H ratio, and other spatial elements for square design, and then continues by introducing the research hypotheses and research design. Finally, it provides a summary and an interpretation of the results of a comparative analysis.
Literature Review on the Enclosure and Design Elements for Urban Square Design

Enclosed Urban Squares
Camillo Sitte made one of the early arguments for the value of enclosed urban spaces. At the end of the 19th century, Sitte emphasized the enclosure as one of the most important features of urban spaces, particularly from an aesthetic perspective [11] . Later on, interest in enclosed urban spaces revived, particularly in the 1960s, when numerous urban theorists, including Jane Jacobs and William H. Whyte, began to emphasize the social function of public spaces [8, 12] . For example, Roger Trancik emphasized the importance of the enclosure and denigrated public spaces of modernist cities as being too open and poorly defined [10] . Recently, Cliff Moughtin described an enclosed urban square as an "outdoor room" for diverse social activities [13] .
As mentioned above, however, an enclosure is less a final goal than a strategy for achieving such a goal, and therefore, an enclosure itself does not indicate the creation of a "good" place. From this standpoint, Hillier even warned that the indiscriminate use of "enclosure" without deep contextual consideration could lead to more urban problems than solutions [14] (p. 64). When we judge a square as a "good" enclosed urban place, what does it actually mean? When Kevin Lynch suggested the D/H ratios between 2:1 and 3:1 for an enclosure [15] , what kind of enclosed spaces could he have had in mind? In this case, they might have referred to piazzas full of diverse social activities in ancient European cities. However, such public spaces cover only special types of social activities, and we might need a larger variety of spaces to support diverse social activities. For example, in the case of the design of a community square fit for an informal social gathering or small community event such as a flea market, a designer might picture a cozy, closed space. On the other hand, in the case of the design of a square celebrating a national or religious event, the designer may picture a magnificent, open space.
In short, the sense of enclosure might be composed of a number of visual qualities such as openness, magnificence, and coziness, but which qualities take precedence over others depends on the context. The appropriate range of spatial criteria such as the D/H ratios might also differ from case to case. For this reason, this study analyzes various perceptual qualities of urban squares rather than the degrees of enclosure. Particularly, the study includes an analysis of openness, magnificence, coziness, dauntingness, and overall goodness of squares.
D/H Ratio for Enclosure
Architects and urban designers have long used the D/H ratio as a representative measure of an enclosure of an urban space such as a square or a street. For examples, Alberti suggested a D/H ratio of three to one for a proper enclosure of an urban square [16] . Lynch suggested a D/H ratio of two to one or three to one for a comfortable external enclosure [15] (p. 158). Jakle argued that when "the distance/height ratio falls below 1, space grows increasingly intimate, until eventually it is simply cramped. When distance/height equals 1, a balance is achieved, although ratios of 1, 2, or 3 are, according to Ashihara, more satisfying [17] (p. 48)." Some other researchers examined the relationship between the D/H ratios and people's preference or perception of urban squares in quantitative ways [18] [19] [20] . Besides such discussions in the academia, this "ratio" theory has been broadly adopted in practice such as in design guidelines proposed by the public [21] [22] [23] . For example, the Scottish government suggested D/H ratios between 4:1 and 6:1 for an urban square [23] . These rules about the D/H ratios are based on the belief that the D/H ratio is a dominant design element for an enclosed square and that a square may have an ideal D/H ratio.
A person's perception of an enclosed space, however, might be influenced by not only the D/H ratio but also other elements of squares such as their sizes, the architectural details, or the continuity of surrounding building facades. For instance, in Figure 1 than the degrees of enclosure. Particularly, the study includes an analysis of openness, magnificence, coziness, dauntingness, and overall goodness of squares.
A person's perception of an enclosed space, however, might be influenced by not only the D/H ratio but also other elements of squares such as their sizes, the architectural details, or the continuity of surrounding building facades. For instance, in Figure 1 Another example that disproves previous arguments about the D/H ratio is St. Peter's Square, whose D/H ratio is more than 11/1. This space provides a good sense of enclosure for the square, and it is doubtful that St. Peter's Square with a D/H ratio of 2/1 or 3/1 would proffer a more appropriate sense of enclosure, as Lynch argued [15] . One explanation is that the purpose of the St. Peter's Square was different from that of general community squares that Lynch might have in mind. It was "so that the greatest number of people could see the Pope give his blessing, either from the middle of the facade of the church or from a window in the Vatican Palace" [24] (p. 175).
Other Design Elements for an Urban Square
Besides the D/H ratio, theorists have suggested that other elements may be integral to the design of an enclosed urban space. Such elements include the square size, the facade design of the surrounding buildings, the location and the size of the dominating building, objects in the square, patterns and materials of the ground plane, the landscape, and the site furniture [24] . However, these Another example that disproves previous arguments about the D/H ratio is St. Peter's Square, whose D/H ratio is more than 11/1. This space provides a good sense of enclosure for the square, and it is doubtful that St. Peter's Square with a D/H ratio of 2/1 or 3/1 would proffer a more appropriate sense of enclosure, as Lynch argued [15] . One explanation is that the purpose of the St. Peter's Square was different from that of general community squares that Lynch might have in mind. It was "so that the greatest number of people could see the Pope give his blessing, either from the middle of the facade of the church or from a window in the Vatican Palace" [24] (p. 175).
Besides the D/H ratio, theorists have suggested that other elements may be integral to the design of an enclosed urban space. Such elements include the square size, the facade design of the surrounding buildings, the location and the size of the dominating building, objects in the square, patterns and materials of the ground plane, the landscape, and the site furniture [24] . However, these elements, unlike the D/H ratio, have not been emphasized or scrutinized with regard to their applications.
Among the design elements for urban squares, this study comprehensively analyzed the impacts of only the first two design elements-the square size and the facade design-on the quality of enclosed urban squares and compared them to the impact of the D/H ratio. The purpose was not to examine all of the elements. The main goal of this study is to demonstrate that first, other design elements influence enclosed urban squares as much as the D/H ratio does, and second, the design elements, including D/H ratios, influence perceptions of the quality of urban squares in distinct ways.
With regard to the influence of the size of urban squares, some theorists have suggested abstract principles while others have stressed concrete quantities for the ideal square. Sitte, for example, emphasized the relative size of a square to that of a building dominating it, that is, the proportion between them, rather than suggesting any concrete sizes for the ideal urban square [11] (pp. 177-187). He argued that the perceptual effect of the square size did not increase in proportion to its actual size. Lynch argued that certain sizes of urban squares might be more comfortable than others because of a human's visual perception or body size, stating that "Most of the successful enclosed squares of the past have not exceeded 140 m in the smaller dimension" [15] (p. 157). For a similar reason, Jan Gehl proposed a maximum distance of 100 m for urban squares [25] (p. 35). In addition, Alexander recommended smaller sizes of squares, saying "They work best when they have a diameter of about 60 feet" [26] (p. 311).
With regard to facade design, Roger Trancik, who was heavily influenced by Sitte's work, argued that the details of surrounding building facades such as "transparency, opacity, openings, and surface ornaments" affect the space as D/H ratios do [10] (p. 61). In addition, Léon Krier suggested that the architectural design of the surrounding buildings should be in harmony with the shapes of public spaces [27] . However, they did not suggest in detail how the design of building facades would affect people's perception of the square.
Research Hypotheses
To accomplish the research goals to examine the generally claimed dominance of the D/H ratio over other design elements in affecting the perceptual qualities of urban squares and to show how different design elements affect the perception of the square differently, this study developed the following three operational hypotheses.
Hypothesis 1.
In addition to the D/H ratio of a square, its size and the facade design of the buildings surrounding it also significantly influence people's evaluation of the visual qualities of the square.
Hypothesis 2.
With respect to the visual qualities that one might assess-such as openness, magnificence, coziness, or dauntingness-the D/H ratio of a square, the square size, and the facade design of its surrounding buildings influence people's evaluation of the square differently.
Hypothesis 3.
With respect to the activities one might assess-such as wandering, informal gatherings, or formal events-the D/H ratio of a square, the square size, and the facade design of its surrounding buildings influence people's evaluation of the squares differently.
Research Design
Visual Assessment Survey Design
To examine the hypotheses above, this study conducted a visual assessment survey [28] with 48 undergraduate students majoring in urban planning or architecture. The participants of the survey were recruited from urban design courses at a university in Korea. To control the impact of external factors that were outside the scope of this study, the survey included simulated images of urban squares instead of photographed images of real urban squares.
The independent variables were the three design elements (i.e., D/H ratios, sizes, and facade styles) reflected in the simulated images; the control variables were external factors related to the participants' characteristics; and the dependent variables were the participants' assessments of the simulated urban squares. A description of each set of variables follows.
Variables
Independent Variables
The research design included three D/H ratios-2:1, 5:1, and 10:1. The 2:1 or 3:1 ratio that theorists have suggested for comfortable enclosure [15, 17] and the images of urban squares with D/H ratios smaller than 2:1 only slightly differ from those of squares with a D/H ratio of 2:1 when they are projected on a screen. Then, the research design included four different square sizes ranging from a 25 m × 25 m, in which people can easily see one another, to a 200 m × 200 m, a size close to that of St. Peter's Square. Finally, regarding facade designs, the author applied a classic style with elaborate architectural details, a modern style with simple grid patterns, and an empty wall, which did not represent all the types of facade styles but differed from each other enough to test that influences could vary depending on the facade styles. The author did not use a finer classification of building facade styles for the following reasons. First, a finer classification of building facade styles would drastically increase the number of square images that the respondents should evaluate during the survey. For example, if five styles would be used instead of three, the total number of images would increase from 36 to 60. Such increase in the number of images and consequent extension of the survey time might distract the respondents. Second, the author was concerned that the respondents might not be able to distinguish the finely classified building styles developed in the Western countries such as Gothic, Baroque, Rococo, and Romanesque. Most South Koreans do not have significant experience of building styles other than modern styles because cities in South Korea have experienced rapid urbanization since the 1960s and most buildings have followed modern styles.
Finally, the survey included images of 36 urban squares covering all combinations of the three elements (i.e., three D/H ratios, four square sizes, and three facade designs) ( Table 1) . 
Control Variables
In addition to the three design elements above, factors related with the participants' characteristics-such as school year, experience traveling abroad, large city residence, and sexwere included as control variables in the analysis. First, regarding school year, the author grouped first-and second-year students as a lower grade group and the rest as an upper grade group as their prior knowledge about urban environments may have influenced their assessments. Second, regarding experience traveling abroad, the author classified the respondents according to travel locations and periods. Particularly, the participants' experience traveling in Western cities may influence their scores because enclosed urban squares are more common in Western cities than in the Orient. Then, regarding large city residence, the author classified the respondents according to the population of the city in which they had lived for the longest time. Urban squares are more common in big cities than in small or medium cities. Therefore, the evaluation of those who have lived in big cities may differ from that of the rest. These variables are in Table 2 below. 
Dependent Variables
The dependent variables were categorized into two groups: (1) Perceptual qualities of the square and (2) suitability of the square for suggested social activities. The enclosure of an urban square itself is less an ultimate goal than a strategy to create a good urban place for its users. The criteria for a good urban square include various dimensions-such as openness, coziness, and magnificencewhich sometimes conflict. Moreover, priority among dimensions may change according to its expected uses. For example, a human-scale and cozy square might be suitable for informal social activities for a small neighborhood while a grand and magnificent square might be appropriate for formal national events. In addition, the proper D/H ratio for one case may differ from that of the other, which might be the same for the other design elements. Therefore, it is important that an architect be aware of how the elements influence such dimensions and the expected activities when designing urban squares.
For such reasons, as dependent variables, the study included the respondents' assessments of the perceptual qualities of the five dimensions related with an enclosed urban square and for the suitability of the square for three types of social activities ( Table 3 ). The respondents scored the images on a five-point Likert scale. 
Process of the Computer Simulation and Visual Assessment Survey
To simulate the 36 urban squares that cover all combinations of D/H ratios, square sizes, and facade designs listed in Table 1 , this study used SketchUp Make 2016. After simulating the squares, the author took snapshots of the squares from the same location at the same vertical and horizontal angles (Figures 2 and 3) , selecting the position to simulate a scene that a person could see when entering from a corner of the square. The eye height was 165 cm, based on the average height of a Korean male (174.9 cm) [29] .
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Descriptive Statistics
The research design consisted of an analysis of 13,824 records (48 respondents × 36 images × 8 questions), 1728 for each question (dependent variable), but several respondents skipped some questions during the survey. Finally, the final number of valid records was 13,768. The numbers of valid records for each dependent variable are shown in Table 4 . The table also shows (1) the means and standard deviations of the dependent variables and (2) the frequencies and percentages of independent variables and control variables. First, regarding the distribution of dependent variables, all the means except one for "open" fell between 2.0 and 3.0, indicating that the respondents' general assessments of the simulated squares were slightly less than "neutral". 
Results of the Analysis
The author estimated eight ordered logistic regression models to assess the impact of the three square design elements (i.e., D/H ratios, sizes, and facade designs) on the scores that the participants reported. Five models were for the five perceptual qualities of the computer-simulated squares (i.e., openness, magnificence, coziness, dauntingness, and overall goodness) and three models were for their suitability for three types of social activities (i.e., wandering alone, gathering with friends informally, and holding formal events).
Regarding the relationship between non-design control variables and eight dependent variables, at the five percent level of significance, the analysis revealed that all the control variables were significantly associated with the respondents' evaluations for some, if not all, qualities of the squares. (Tables 5 and 6 ). First, in regard to the variable "school year", upper grade students' evaluations were significantly different from lower grade students for three dependent variables. Second, in regard to the variable "experience traveling abroad", both the traveled country and the time period were significantly associated with the respondents' evaluations for some of the characteristics of the square. In the case of the overseas travelers, compared with the respondents that had no oversea trip, the evaluations of the respondents who had traveled to Western countries were significantly different for four dependent variables, while those of the respondents who had traveled to Eastern countries were significantly different only for two. In the case of the traveled time period, for five dependent variables, the evaluations of the respondents who traveled for more than six months were significantly different from those who did not. Third, in regard to the variable "large city residence", the respondents residing in cities with a population greater than 1,000,000 and those residing in cities with a population between 500,000 and 1,000,000 were significantly different from those residing in cities less than 500,000 for three and four variables, respectively. Finally, in regard to "sex", the rates of the male respondents were significantly different from those of the female respondents for four dependent variables.
Regarding the first hypothesis pertaining to the effectiveness of other design elements (i.e., size and facade design), Tables 5 and 6 show that in addition to D/H ratios, the sizes of squares and the designs of surrounding facades are significantly associated with respondents' evaluations of the qualities of squares and their suitability for the suggested activities. The only exception was the impact of model estimation on the suitability for formal events (Table 6 ). One explanation for this exception is that the range of events that respondents considered formal might be broader or more obscure than a wandering or informal gathering.
Regarding the second hypothesis regarding the differences among the effects of the design elements on the perceptual qualities of squares, the outcomes (Table 5) showed that the effects of D/H ratios, square sizes, and facade designs on the five perceptual qualities of squares differed from those of the others. For one, although the D/H ratios positively influenced the degrees of openness, coziness, and goodness, they negatively affected the degrees of magnificence and dauntingness. In addition, square sizes positively affected the degrees of magnificence and dauntingness, but negatively affected the degrees of openness, coziness, and goodness. Finally, both the classic and modern facade styles, compared with the reference category featuring an empty wall style, positively affected the degrees of all perceptual qualities of squares except dauntingness, which is generally considered to be a negative environmental quality. Moreover, the comparison between the classical and modern styles revealed that the former led to more positive responses than the latter for most qualities of squares (but in the case of dauntingness, it led to less negative responses).
Regarding the third hypothesis concerning the differences among the impacts of the design elements on the suitability of the square for social activities, the outcomes (Table 6) showed that the impacts of D/H ratios, square sizes, and facade styles on the suitability of squares for the suggested three activities also differed from the other characteristics. One finding was that D/H ratios positively affected suitability for all three activities of wandering alone, informal gathering with friends, and formal events. In addition, larger square sizes positively affected suitability for formal events but negatively affected it for others. Finally, compared with the reference category of empty wall style, both the classic and modern facade styles positively affected the suitability for wandering and informal gatherings, but only the classic facade style positively affected the suitability for formal events. 
Discussion
This study examined the perceptual impacts of design elements for enclosed urban squares and compared the D/H ratios, which have been regarded as the most important design element for enclosed spaces with other design elements such as sizes and facade details. Confirming the proposed three hypotheses, the results of the analysis suggested that other design elements may have as significant an impact on the perceptual qualities of enclosed urban squares as D/H ratios and that the design elements, including D/H ratios, might function differently according to the perceptual qualities in question or the main purposes of the squares. For example, the D/H ratios positively influenced the degrees of openness and coziness, while larger square sizes positively affected the degrees of magnificence and dauntingness.
These findings suggest that urban designers could use evidence-based multiple tools as well as D/H ratios to design enclosed urban squares. In particular, the latter finding might have greater implications for practical urban square design. For example, a local government that needs a comfortable and accessible community square suitable for taking a walk alone or for spending time with friends can be recommended to develop the square or regulate the surrounding buildings to have a high D/H ratio, a small square size, and a classical facade design. It is advisable for a central government planning a magnificent square suitable for holding national events to develop the square with a low D/H ratio, a large square size, and a classical facade design. When a public planner needs to increase the openness of an existing square, he or she might develop a design guideline recommending modern facade designs for the surrounding buildings.
In addition to implications for practical square design, this study also provided a useful urban design research method that facilitates controlled experiments and enables researchers to examine the effects of urban design techniques. Controlled experiments or the examination of urban design techniques have been very difficult in urban design studies because innumerable external factors influence the designs of urban spaces in the real world and they are difficult to control.
Despite the contributions mentioned above, this study is limited in several ways. First, it examined only a limited number of design elements (i.e., three) and a small number of cases for each design element, which partially resulted from a concern that the inclusion of too many design elements would not only increase the complexity of the analysis but also decrease the concentration of the subjects who responded to the survey. In addition, the main purpose of this study was not a thorough examination of all design elements related to an urban square design. Instead, its purpose was to demonstrate the relative importance of design elements other than the D/H ratio and their impact on the perceptual qualities of enclosed urban squares and then compare their effects with those of the D/H ratio. However, future studies could provide a more complete set of guidelines for the use of design elements for urban square designs by including more design elements such as the transparency of surrounding facades [10] .
Another limitation relates to the basic assumption applied to this analysis. That is the assumption of a linear relationship between quantitative elements such as D/H ratios and square sizes and the perceptual qualities of squares. The relationship, however, might not be linear and a specific quality or purpose of a design element might have an optimal point. However, this study leaves such a task to future studies for the same reason as that provided for the first limitation.
This study is also limited with regard to simulation technology. The computer-simulated images of urban squares used in this study presented drawbacks that included a limited field of view. Virtual-reality technology, which has only recently become viable for practical applications, could overcome this issue. In addition, this study has two limitations related to its generalizability. First, the participants in the visual assessment survey were students from a university. If a future study conducted a similar survey in diverse groups of students from other universities, general citizens, or urban design experts, the results of the survey might be more generalizable. Second, the respondents of the survey were Koreans who had different experiences with enclosed urban squares from citizens of other countries. Such cultural differences can affect their perception of urban squares [30] . Therefore, implications from the survey results might be applicable only to Korean cities. Finally, this study examined only enclosed urban squares. In other types of urban spaces such as streets, the design elements analyzed in the study might yield different results. For example, the way that people perceive the openness of a space while walking on a street may differ markedly from the way they perceive it while standing or sitting in an urban square.
Conclusions
This section is not mandatory, but can be added to the manuscript if the discussion is unusually long or complex.
